INTRODUCTION
Intense pulsed light (IPL) therapy, which uses light energy to affect the skin surface, is widely used in dermatology to treat a variety of conditions including dermal vascular lesions, such as port wine stains and hemangiomas, facial rosacea, and acne [1] . In addition, this technology is used in hair removal and treatment of facial skin photodamage signs, such as fine wrinkles and skin laxity [2] . In 2002, Rolando Toyos, MD, discovered the positive ophthalmic effects of IPL on his patients who underwent treatment for facial rosacea [3] . Along with decreased facial erythema, his patients developed improvement in signs and symptoms of meibomian gland dysfunction (MGD) and dry eyes. Working alongside DermaMed Solutions, he helped to develop an IPL system that was geared towards treatment of dry eye disease. Since that time, there has been a growing number of physicians across the USA that use IPL to treat MGD and dry eye.
The present review discusses the treatment of MGD and evaporative dry eye disease with IPL therapy. Although IPL is used in several eye care centers across the USA, there are only a few studies published in the literature. We describe our personal experience and also our early data.
MECHANISM OF INTENSE PULSED LIGHT TREATMENT FOR EVAPORATIVE DRY EYE
IPL is a broad spectrum, noncoherent, and polychromatic light source with a wavelength spectrum of 500-1200 nm; it can be filtered to allow only a range of wavelengths to be emitted [4] . The pivotal mechanism of IPL involves the principal of selective photothermolysis, in which light energy that comes in contact with tissue is preferentially absorbed by a chromophore and converted into heat ( Fig. 1) [1]. With respect to the skin, melanin and hemoglobin are the two primary chromophores present. Light energy absorption in melanin decreases as the wavelength of light increases. Oxyhemoglobin, however, has an absorption peak at 578 nm. Yellow light wavelengths are able to pass through the upper layers of the skin without excessive absorption of the light energy by melanin. The absorption of the yellow light by oxyhemoglobin then results in conversion of the light into heat energy, leading to coagulation and ablation of blood vessels [5] .
Eyelid margin telangiectasias are often seen clinically in patients with MGD and ocular rosacea. The pathophysiology of rosacea involves decreased connective tissue integrity, causing passive dilation of blood vessels (resulting in erythema and telangiectasias) and extravasation of inflammatory mediators (causing papules and pustules). IPL allows for selective ablation of these superficial vessels, which not only reduces telangiectasias and erythema but also presumably decreases inflammatory marker access to the meibomian glands. In addition, IPL is thought to aid collagen remodeling, which likely improves elastosis and connective tissue disorganization that occurs with rosacea and other such skin conditions [1, 5] .
Other potential mechanisms of action of IPL for dry eye treatment include reduction of bacteria and/or parasitic growth on the eyelids. Demodex folliculorum mites, which are ectoparasites living in hair follicles and sebaceous glands, retain a commensal relationship with the Bacillus oleronius bacterium. Together these organisms are often found in patients with facial rosacea [6] . The B. oleronius is a Gram-negative bacterium that has been found to cause an inflammatory response in patients with subtype 2 papulopustular rosacea [7] . Prieto et al. discovered coagulated Demodex organisms and reduced lymphocytic infiltration in patients who had undergone IPL treatment [8] . They postulated that the reduction of Demodex, and thereby B. oleronius, burden and its associated inflammation after IPL therapy helps to improve rosacea signs and symptoms. We can extrapolate this to ocular rosacea as Demodex has been previously cited in the literature as a potential mediator of blepharitis and MGD [9] .
Another potential mechanism of IPL includes a temporary local thermal effect that warms the meibomian gland secretions. This warming effect can allow for improved manual expression of inspissated meibum within the meibomian glands after application of the light. With improved meibum secretion and viscosity, the tear film can become more stable and thus evaporative dry eye symptoms would improve.
INTENSE PULSED LIGHT PROCEDURE
Once the clinical diagnosis of MGD and dry eye have been made the patient's informed consent is obtained. IPL for MGD/dry eyes is an off label use of a United States Food and Drug Administration (US FDA) approved device. The Fitzpatrick skin type score is determined based on patient questionnaire responses about how their skin reacts to sun exposure [10] . Fair skin patients will have a lower score, whereas more deeply pigmented patients have a higher score. The Fitzpatrick score allows the physician to determine the IPL energy parameters appropriate for the degree of pigmentation. As discussed earlier, patients with more melanin (i.e., higher Fitzpatrick score) will necessitate lower energy settings to avoid risk of melanin damage and resultant hypopigmentation. For this reason, IPL treatment is generally limited to patients with Fitzpatrick skin type of four or less.
The procedure involves first placing protective IPL eye shields over the eyes. Ultrasound gel is
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Visible light wavelength (nm) applied on the skin to cool the treatment area. Using the DermaMed Quadra4 IPL (Lenni, PA, USA) system on the proprietary 'dry eye mode' setting, 10-15 IPL spots are placed on each side (Fig. 2) . The energy parameters are determined by skin type (skin type settings 1-4, and mode A-F), along with patient tolerance and comfort. Application of the IPL is repeated for a total of two passes on each side. Only the skin inferior and lateral to the lower eyelid margin is treated. The upper eyelids are not treated directly, as there is risk of light penetration through the eyelid and absorption within the intraocular structures (i.e., pigmented iris tissue), leading to structural damage and inflammation from the broad-spectrum light. After the IPL treatment, the ultrasound gel is removed and a hot compress is placed along the eyelids for 2-3 min. Finally, the meibomian glands are manually expressed at the slit-lamp with a cotton-tip applicator. Patients then use a topical steroid, such as fluorometholone (FML) or loteprednol 0.5% one drop twice daily for 2-3 days after the procedure. With the initial series of IPL treatments, most patients undergo four treatments (range 3-6), each separated by 3-6 weeks. Subsequently, a single maintenance treatment is done every 4-12 months.
TREATMENT OUTCOMES
The treatment outcomes of IPL for facial rosacea in the dermatology literature are favorable. Schroeter et al. [11] reported 60 patients with 77.8% clearance of telangiectasias after an average of four IPL treatments. Papageorgiou et al. [5] reported 34 patients with subtype 1 erythematotelangiectatic rosacea achieved statistically significant reduction of facial erythema and telangiectasias after four IPL sessions. Of note, this study reported sustained benefits for at least 6 months. By varying the fluence and pulse duration of the IPL treatment in 102 patients, Kassir et al. [12] reported 80% with reduction in erythema, 78% with less flushing and better skin texture, and 72% with less acneiform flares. It should be noted that this flexibility in customizing fluence and pulse duration parameters is currently not available in the DermaMed Quadra4 IPL system using the dry eye mode; clinicians are only able to modulate energy indirectly by altering the skin type setting and the mode within the 'dry eye' mode.
In the ophthalmic literature, however, there is a paucity of published data for IPL treatment of evaporative dry eye disease. Craig et al. [13,14 && ] did recently report results of a prospective placebocontrolled study of 28 patients with dry eye from MGD. One eye was treated with IPL, and the other had a placebo treatment at three time points. They reported statistically significant improvement in lipid layer grade and tear break-up time of the treated eye. Subjective symptom scores (using SPEED scoring) were improved in both eyes. Similarly, in a three-year retrospective review of 91 patients, Toyos et al. [15 && ] reported significant improvement in tear break-up time in 87% of their patients. In addition, 93% of the patients reported posttreatment amelioration of symptoms.
In our own retrospective review, 37 patients with a diagnosis of evaporative dry eye disease underwent three or more IPL treatments [16] . Patients were examined at each visit for tear break-up time, and grading of eyelid and facial vascularity, eyelid margin edema, meibomian gland oil flow, and oil quality as described previously by Mathers [17] . In addition, each patient completed an Ocular Surface Disease Index (OSDI) questionaire to assess for subjective symptoms of dry eye disease. The OSDI score has been shown to be a valid and reliable measurement of the subjective symptoms of dry eye disease [18] . On average, the patients in our study had moderate-severe dry eye symptoms prior to IPL treatment as scored by the OSDI questionnaire. From first to last follow-up visit, there was a significant decrease in clinical signs of MGD. There was a decrease in scoring of lid margin edema, facial telangiectasia, lid margin vascularity, and improvement in meibum quality score, all with P < 0.001 ( Fig. 3 ). Furthermore, there was a significant increase in oil flow score and tear break-up time, both P < 0.001. Subjective symptoms of dry eye disease also improved, and there was a statistically significant decrease in OSDI scoring (P < 0.001). Although not statistically significant, there was a general trend in reduction of the amount of artificial tear usage. Similar to the Papageorgiou study, our patients usually get lasting relief for several months. Oftentimes, maintenance treatments are necessary every 6-12 months. [16] 
SAFETY PROFILE
Although IPL has a relatively good safety profile, some ocular complications have been reported when used without proper eye protection. Lee et al. [19] reported two patients with anterior uveitis, permanent iris atrophy and pupillary defects causing longlasting photophobia and pain after receiving periorbital IPL treatment. The pigmented iris tissue absorbs light energy emitted from the IPL flash lamp, thereby posing as a vulnerable structure. Similar cases of uveitis and iris damage have been reported elsewhere in the literature [20] [21] [22] [23] . Another case was reported of corneal pigment deposition in a patient who underwent IPL while wearing colored contact lenses [24] . The pigmentation resolved after superficial keratectomy. With proper eye protection, periocular IPL is safe. Our study had no adverse events aside from the normal postprocedure temporary discomfort and erythema that may occur.
CONCLUSION
IPL therapy is a safe and effective treatment for evaporative dry eye disease from MGD and rosacea. After an average of four treatments, patients develop relief from their chronic symptoms. Additional treatments are often required every 6-12 months to maintain symptom relief. More research is needed with more patients and longer follow-up time to assess the longterm outcomes of IPL treatment.
